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Three Lactococcus lactis strains with the 
ability to secrete various amino acids 
(leucine, isoleucine, methionine, valine, 
glutamic acid and histidine) were sequen-
ced in order to identify the mechanisms 
involved in the secretion. Amino acids 
contribute to flavor formation. Therefore, 
bacterial strains with this ability are 
relevant for the food industry.
ANNOUNCEMENT
Bacteria secrete several compounds 
during growth as well as in stationary 
phase. Some of these compounds are 
relevant in food industry, for instance 
the large-scale production of amino acids 
that find application as feed additives, 
flavor-promoting compounds or as in-
gredients in pharmaceuticals (Krämer, 
1994; Hirasawa and Shimizu, 2016; Ma 
et al., 2017). Moreover, the relationship 
between amino acids and flavor formation 
has been studied extensively in lactic acid 
bacteria (LAB) used in dairy fermentations 
in order to understand and improve the 
organoleptic properties of dairy products 
(Juillard et al., 1995; Niven et al., 1998). 
In particular, Lactococcus lactis is widely 
used as a starter culture for the manu-
facture of buttermilk, quark and a wide 
variety of cheeses (Laroute et al., 2017). 
Its proteolytic system provides the cells 
with essential amino acids from casein 
(Savijoki et al., 2006). The amino acids, 
obtained from casein degradation, are 
either flavor compounds or flavor precur-
sors (Ayad et al., 1999; Smit et al., 2005). 
In this work, we report three amino 
acid-secreting L. lactis strains from the 
laboratory collection of the Molecular 
Genetics department at the University 
of Groningen (Groningen, The Nether-
lands; J.A. Hernandez-Valdes, Chapter 
4). The strains were originally isolated 
from dairy environments. The L. lactis 
C17 strain was obtained from the NIZO 
collection, the L. lactis NCDO176 strain 
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chapter 3 
was obtained from the DSMZ collection, 
and the L. lactis WW4 strain was obtained 
from the MolGen collection. A single 
colony growing on a LM17-agar plate 
of each strain was selected and grown as 
standing culture in 5 mL of M17 broth, 
supplemented with 0.5 % (w/v) lactose 
(LM17), and incubated overnight at 30 
°C. Cells from the three cultures were co-
llected by centrifugation at 10 000 rpm 
for 3 min in a Microfuge 16 centrifuge 
(Beckman Coulter, Woerden, The Nether-
lands). Genomic DNA was isolated with 
a GenElute bacterial genome DNA kit 
(Sigma-Aldrich, Munich, Germany) accor-
ding to the manufacturer’s instructions.
The genomes of the lactococal strains 
were paired-end sequenced at the Beijing 
Genomics Institute (BGI, Copenhagen N, 
Denmark) on a BGISEQ-500 platform. A 
total of 5 million paired-end reads (150 bp) 
were generated. FastQC version 0.11.5 
(Andrews et al., 2015) was used to examine 
the quality of the reads, and low-quality 
reads were removed with Trimmomatic 
version 0.38 (Bolger et al., 2014). Subse-
quently, SPAdes version 3.11.1 (Nurk et al., 
2013) was used with default parameters 
to perform a de novo paired-end assembly 
on each genome, resulting in the draft 
genome sequences. The coverages of the 
three sequenced genomes all exceeded 
150X. The characteristics of the assemblies 
and genome features obtained are descri-
bed in Table 1. Taxonomic assignment of 
reads was performed with Kraken 2.0.7 
(Wood and Salzberg, 2014). The Rapid 
Annotations using Subsystems Technology 
(RAST) server (Aziz et al., 2008) and Prokka 
(Seemann, 2014) were used to annotate 
the genomes. The further analysis of the 
genomes in order to discover the mecha-
nisms underlying amino acid secretion 






















































The genome sequences of the three Lac-
tococcus lactis strains have been deposited 
in GenBank under the accession numbers 
listed in Table 1. The raw reads were 
submitted to the Sequence Read Archive 
under the accession numbers listed in 
Table 1.
ACKNOWLEDGEMENTS
J.A.H.V. and O.P.K. were financed by the 
Netherlands Organization for Scientific 





Andrews, S., Krueger, F., Seconds-Pichon, A., Biggins, F., and 
Wingett, S. (2015). FastQC. A quality control tool for high 
throughput sequence data. Babraham Bioinformatics. Babra-
ham Inst.
Ayad, E. H. E., Verheul, A., De Jong, C., Wouters, J. T. M., and 
Smit, G. (1999). Flavour forming abilities and amino acid 
requirements of Lactococcus lactis strains isolated from 
artisanal and non-dairy origin. Int. Dairy J. doi:10.1016/
S0958-6946(99)00140-5.
Aziz, R. K., Bartels, D., Best, A., DeJongh, M., Disz, T., Edwards, R. 
A., et al. (2008). The RAST Server: Rapid annotations using 
subsystems technology. BMC Genomics. doi:10.1186/1471-
2164-9-75.
Bolger, A. M., Lohse, M., and Usadel, B. (2014). Trimmomatic: A 
flexible trimmer for Illumina sequence data. Bioinformatics. 
doi:10.1093/bioinformatics/btu170.
Hirasawa, T., and Shimizu, H. (2016). Recent advances in amino 
acid production by microbial cells. Curr. Opin. Biotechnol. 
doi:10.1016/j.copbio.2016.04.017.
Juillard, V., Le Bars, D., Kunji, E. R. S., Konings, W. N., Gripon, J. 
C., and Richard, J. (1995). Oligopeptides are the main source 
of nitrogen for Lactococcus lactis during growth in milk. Appl. 
Environ. Microbiol. 61, 3024–3030.




ogy and mechanism. FEMS Microbiol. Rev. doi:10.1016/0168-
6445(94)90102-3.
Laroute, V., Tormo, H., Couderc, C., Mercier-Bonin, M., Le Bour-
geois, P., Cocaign-Bousquet, M., et al. (2017). From Genome 
to Phenotype: An Integrative Approach to Evaluate the Bio-
diversity of Lactococcus lactis. Microorganisms. doi:10.3390/
microorganisms5020027.
Ma, Q., Zhang, Q., Xu, Q., Zhang, C., Li, Y., Fan, X., et al. (2017). 
Systems metabolic engineering strategies for the produc-
tion of amino acids. Synth. Syst. Biotechnol. doi:10.1016/j.
synbio.2017.07.003.
Niven, G. W., Knight, D. J., and Mulholland, F. (1998). Changes in 
the concentrations of free amino acids in milk during growth 
of Lactococcus lactis indicate biphasic nitrogen metabolism. 
J. Dairy Res. doi:10.1017/S002202999700263X.
Nurk, S., Bankevich, A., Antipov, D., Gurevich, A., Korobeynikov, 
A., Lapidus, A., et al. (2013). Assembling genomes and 
mini-metagenomes from highly chimeric reads. in Lecture 
Notes in Computer Science (including subseries Lecture Notes 
in Artificial Intelligence and Lecture Notes in Bioinformatics) 
doi:10.1007/978-3-642-37195-0_13.
Savijoki, K., Ingmer, H., and Varmanen, P. (2006). Proteolytic 
systems of lactic acid bacteria. Appl. Microbiol. Biotechnol. 
doi:10.1007/s00253-006-0427-1.
Seemann, T. (2014). Prokka: Rapid prokaryotic genome anno-
tation. Bioinformatics. doi:10.1093/bioinformatics/btu153.
Smit, G., Smit, B. A., and Engels, W. J. M. (2005). Flavour forma-
tion by lactic acid bacteria and biochemical flavour profil-
ing of cheese products. FEMS Microbiol. Rev. doi:10.1016/j.
femsre.2005.04.002.
Wood, D. E., and Salzberg, S. L. (2014). Kraken: Ultrafast metagen-
omic sequence classification using exact alignments. Genome 
Biol. doi:10.1186/gb-2014-15-3-r46.
106
chapter 3 
